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Abstract: The topic of waste loading for recycle paper mills is an important issue to our industry 
today. As of last year the EPA has proposed the cluster rule, which suggests that the BOD 
(Biochemical Oxygen Demand) and COD (Chemical Oxygen Demand) loading limits are being 
lowered encouraging use of lower effluent loading material. The main purposes of this thesis was to 
focus on the effects that recycling Korean Boxboard, American Boxboard, and high yield SW Kraft 
has on raw waste loading in a boardmill and to analyze the characteristics of these recycled materials. 
This will be accomplished by separating our team into two groups. The first group, head by Mr. 
Stager, will be focusing on how recycling unbleached high yield kraft will effect the raw waste 
loading. Mr. Mefford, head of the second group, will be focusing on how recycling American and 
Korean Boxboard will effect raw waste loadings as well as identifying the fiber characteristics of the 
three different types of furnishes. 
By: Craig Mefford 
Introduction: The main purpose ofthis thesis is to determine how recycling Boxboard will effect 
the COD and BOD of a mill's waste water. COD and BOD data will be collected for each recycle 
loop and will be analyzed to find any trends. It is expected that the Korean and American 
Boxboard BOD and COD levels will start off higher than the Kraft but will end up leveling off 
due to washing out of the strength and sizing additives in tJ}e boxboards. In addition to BOD and 
COD tests, ash¾, and kajaani fiber length will be done on each furnish. 
The main objective of this thesis will be to focus on the effects that recycling of high yield 
Kraft, Korean, and American boxboard has on COD and BOD loading in a paper mill. The EPA, 
as of Last year, is allowing paper mills credits on their BOD loading from recycled material but 
are considering reducing credit on the additional loading of COD from recycled material. Other 
goals consists of characterizing the type of fiber and filler loading being used in high yield SW 
Kraft, American, and Korean boxboard. This may provide indication of how expensive it may be 
to handle each different furnish's waste load. 
The main goal is to determine how recycling high yield Kraft, American, and Korean 
boxboard will effect the raw waste load. It is also important to compare the results from the 
American and Korean boxboard to quantify which effects the waste load more. Another 
important aspect is how fractions of microfibrils effect the waste load this will be answered by 
recycling each furnish. The objective will be reached by putting all three furnishes through a 
recycle loop and analyze the BOD and COD test results and correlate these results with the 
Kajaani Fiber Length Analyzer. Initial and final fiber length and ash test will be done to 
characterize the washing and initial characteristics of the different fiber sources. 
7_ 
Manufacturing Processes For American And Korean Boxboard Korean Boxboard: All 
conventional means of collecting information on the subject of Foreignbord have been exhausted. 
Jung K yn, WMU student, stated that he worked at a fine paper mill in Korea and that his mill 
purchased the bulk of their paper from Champion and other reliable fiber resources. Dr. Peterson, 
WMU professor, stated that most recycle mills in Taiwan and Korea, for example, keep inventory 
of their stock by fiber length. They do this so they can keep the long fiber in their country and 
Experimental Design: Initially before the recycling took place samples were taken for Kajaani 
and for percent ash test. The furnishes were recycled four times and for each recycle samples 
were taken for Kajaani, BOD, and COD tests. For the final run ash tests were done on each 
furnish. Consistency of each furnish was approximately 1.6% so that the effluent will be strong 
enough to ensure BOD and COD measurements. COD and BOD tests were duplicated two times 
to ensure quantified data. The Valley Beater was used to condition the material until the desired 
freeness of 400CSF is reached. The Experimental Design flow chart can be seen in Figure 1 in 
Appendix lA. 
Methods: The objectives will be met by plotting the number of recycles of each furnish against 
COD and BOD raw waste loading data. The Kajaani analysis will consist of the initial conditions 
of the furnish and followed by the characteristics of the fiber when it goes through a recycle loop. 
Ash test of initial and final conditions was done to T APPi Standards. 
Facilities and Equipment: COD and BOD test materials will be used in NCASI's lab. 
Recycling runs were processed in the Wet Lab. The Korean and American Boxboard was 
donated by Chicago Paperboard Company. 
Procedure: 
Furnish Analysis: 
1) Collected American, Korean, and SW Kraft for furnish
2) Initial Ash test to calculate% filler
3) Initial Kajaani on furnishes
4) BOD and COD waste loading to characterize furnish
Effects of Recycling: 
1) Repulp furnish and add to Valley Beater at 1.6% consistency
2) Refine in Valley Beater to 400CSF
3) Collect sample for Kajaani
4) Drain slurry on 3 foot pressure screen to collect effluent
5) Filter effluent sample for BOD and COD tests
6) Discard Effluent and collect dilution water for COD
7) Dry the web and go back to step 1 for Four recycles
s 
Results: Appendix lA shows all graphical and chart information that was referred to in this 
article. Appendix lA contains Ash test data and results, initial and final Kajaani fiber length 
analysis for each furnish, BOD and COD graphical results, as well as the experimental design of 
the experiment. Appendix 1 B contains all BOD and COD raw data, unused Kajaani graphs, and 
Kajaani raw data. Any figure or table that is referred to in this article will be in Appendix lA. 
Discussion: The main objective of this thesis is to characterize the furnishes of the American 
Boxboard, Korean Boxboard, and SW high yield Kraft lap-pulp. This was done by finding the 
initial conditions of the pulp such as ash test, which will tell us of the filler loading of the material, 
Kajaani fiber analyzer, which will characterize the fiber length of the different furnishes, and the 
BOD and COD test, that will characterize the waste loading of each furnish. 
Ash Test: This test is used in industry to characterize the filler loading of paper. The test was 
done to TAPPI standards which involves the burning of a lg sample in a furnace at 575 C. This 
temperature allows the total combustion of the fiber while leaving clay, such as TiO2 and CaCo3, 
and elemental portions of the fiber behind. This test was done for two reasons one of which is to 
characterize the cleanliness of the furnish and the other is to calculate the filler loading per ton of 
furnish. A general rule of thumb is that twice the amount of clay is used to retain the amount of 
filler that is left in a piece of paper. 
In Table 1 it can be seen that the initial ash content for Korean, Kraft, and American 
furnishes are 8.6%, .49%, and 2.2% respectively. This tells us that when producing 1 ton of 
Korean, Kraft, and American product that approximately 320, 20, 80 pounds of filler respectfully 
must be initially put into the furnish. The main portion of the 20 pounds of filler that is in the SW 
high yield Kraft is most likely residual chemicals form the Kraft pulping process. The ash 
information tells us that the American Boxboard has four times less filler than the Korean 
Boxboard. This tells us that Korean Boxboard is made out of more recycled content than 
American Boxboard. 
Kajaani Fiber Length: The Kajaani fiber length analyzer works on the premise that the 
cellulose in fiber is optically active. The furnish is sent in the pathway of polarized light and when 
the light passes through the furnish it is sent to a filter and if the light rotates the sensor knows 
1 
that it is fiber and will measure the length of the fiber. This will inform the user of just the fiber 
length content of the furnish and will not be concerned with most fillers. Unfortunately filler such 
as dirt, Ti 02, and uncooked starch might be measured as fines because of the optical activity. 
In Figure 2 it graphically seen that the initial, before recycling, weighted fiber length 
analysis of the Kraft yields the longest range of long fiber followed by American and then Korean 
Boxboard. The weighed distribution was used to give less emphasis on fines and to be able to 
look at the fiber. The fiber analysis tells us that the initial fiber length quality of the Korean 
Boxboard fiber is inferior to American which accounts for the loss of strength properties in 
Korean Boxboard. 
As one recycles a furnish it is expected that the initial fiber length distribution would be 
depressed due to the conditioning and cutting of the fiber, this is not supported by Figure 3. The 
graph states that about 4% of the fiber distribution from recycles one and four are contributed by 
fibers that are approximately 6.25mm in length. In comparison about .15% of the weighted fiber 
length comes from 6.25mm fiber of the initial conditions of the Kraft. Using the 200 mesh screen, 
which was done for this experiment, would not allow small fibers to wash out it only allows the 
fines to pass through the screen therefore the increase in fiber length is puzzling. The only logical 
explanation is contamination of the original fiber source. 
The weighted fiber analysis for the American boxboard shows results that one may expect 
from recycling (Figure 4). Initially the about 11% of the slurry is approximately .75mm long and 
after the first recycle the .75mm length fiber accounts for about 2% of the distribution. The 
differences between the initial Recycle and the fourth recycle is the washing away of the fines and 
the conditioning and cutting of the fiber with lowered its overall length. The different traits 
between recycle one and four is what one would expect, a decrease in fiber length as one recycles. 
Similar fiber length characteristic results were also found for the initial, first, and fourth recycles 
of the Korean Boxboard (Figure 5). 
It is important to note here that the Kajaani fiber length analyzer was used to aid in the 
tracking of BOD and COD changes during recycling. It was hypothesized that the fiber 
microfiberals would add to the BOD and COD measurements of the eflluent. Unfortunately due 
to the washing and out of the fines it is impossible to tell what sort of loading could occur by 
recycling the fines. 
BOD And COD: The five day Biochemical Oxygen Demand is the most widely used parameter 
of organic pollution applied to both wastewater and surface water. This determination of eflluent 
loading involves the measurement of the dissolved oxygen used by microorganisms in the 
biochemical oxidation of organic matter. 
Chemical Oxygen Demand (COD) corresponds to the amount of oxygen required to 
oxidize the organic fraction of a sample by chemical means, using a strong oxidant in an acidic 
medium at a high temperature. Potassium dichromate is excellent for this purpose and a silver 
sulfate catalyst aids the oxidation of certain organic compounds. 
Initially it was hypothesized that the Korean Boxboard would have the highest BOD and 
COD loading followed by American Boxboard and the SW high yield Kraft. This conclusion was 
made based on the low quality of the secondary fiber source for the Korean Boxboard and that 
there was two flutes in the Korean in comparison to only one flute for the American Boxboard 
which would indicate more starch. As illustrated in Figures 6 & 7 the hypophysis was incorrect. 
The American Boxboard display the highest BOD and COD loadings at 212 mg/I and 525 mg/I 
respectively. This indicates that more starch is used in the manufacturing of American Boxboard 
than in the Korean Boxboard. After the first recycle a large reduction in BOD and COD values 
occur, for example the American BOD dropped form 212 mg/I to approximately 45 mg/I. This 
drop in BOD and COD levels is caused by the washing action that occurs during draining. 
It is interesting to note that the Korean Boxboard contributes a larger amount of BOD and 
COD for recycles 2-4. This seems to indicate that Korean_Boxboard has other constituents, other 
than starch, effecting the BOD and COD loading. This correlates to the idea that Korean 
Boxboard furnish may contain recycled food grade material. 
The BOD results for the SW high yield Kraft were suspect. Table 2 displays the 
difference in initial DO and final DO for the first recycle effluent was unable to equal 2mg/I. This 
guideline must be met to comply to Waste Water Standard Methods. Also the third recycle yields 
a negative BOD which is impossible 
Due to a design flaw it is hard to tell what impacts rnicrofiberals may have on the BOD 
and COD waste load. Retention aid should have been added before draining of slurry this would 
have enabled the fines to be retained on the mat and the proper recycling could have taken place. 
Secondly the effluent should have been recycled for dilution water for the slushmaker (Figure 8). 
This would of allowed the recycling of the starch and any other food and chemical sources that 
would effect the BOD and COD to stay in the system. This would have flat-lined the BOD and 
COD graphs so that one could look only at the effects of fiber degradation on the BOD and COD 
loadings. 
lO 
Problems Encountered: 
I) DO meter probe coil broke causing a two month delay.
2) Incorrect calibration of new DO meter, calibrated it to barometric pressure base on height
above sea level, instead of day to day changes in Barometric pressure which caused a 4%
error between runs.
3) Design flaw in consideration to effluent stream.
4) Time constraints, 1hr preparation time, 1hr drying time, 2hr for COD, and 5 days for
BOD.
5) Kajaani pump malfunction
Conclusions: 
1) The initial ash content for Korean, Kraft, and American furnishes are 8.6%, .49%, and
2.2% respectively. This tells us that when producing 1 ton of Korean, Kraft, and
American product that approximately 320, 20, 80 pounds of filler respectfully must be
initially put into the furnish.
2) Figure 3 states that about 4% of the fiber distribution from recycles one and four are
contributed by fibers that are approximately 6.25mm in length. In comparison about .15%
of the weighted fiber length comes from 6.25mm fiber of the initial conditions of the Kraft.
3) The weighted fiber analysis for the American boxboard shows results that one may expect
from recycling (Figure 4). Initially the about 11% of the slurry is approximately .75mm
long and after the first recycle the .75mm length fiber accounts for about 2% of the
distribution
4) The American Boxboard display the highest BOD and COD loadings at 212 mg/1 and 525
mg/l respectively.
5) The BOD results for the SW high yield Kraft were suspect.
6) Recycle effluent to contain fines and BOD and COD loading materials in system.
7) Addition of retention aid before initial draining of slurry is needed to retain filler and fines
for proper recycling information.
\'L 
Suggestions For Future Research: 
1) Recycle effiuent to contain fines and BOD and COD loading materials in system.
2) Addition of retention aid before initial draining of slurry to retain filler and fines for proper
recycling
{) 
Bibliography: 
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Appendix lA 
I� 
Experimental Design 
Colletion of Material 
Unbleached Softwood Kraft Korean Board 
Ash 
Korean Board 
American Board 
Kajaani 
Slush Maker 
Valley Beater to 
400 CSF 
Pressure 
Screen 
(3 foot diameter) 
Drying Web 
American Board 
l !a 
),H�l-e I
Ash Test 
'fiber/ash + 'fiber/ash + 'fiber/ash + 
Korean Virgin crucbl crucble Kraft Virgin crucbl crucble American Virgin crucbl crucble 
11 i 58.0725 56.963 11 i 58.8472 57.745 11 i 58.5919 57.367 
11f 57.0561 11f 57.7484 11f 57.3907 
Ash% 8.4076778 Ash% 0.308474 Ash% 1.9268452 
12i 58.8598 57.683 12i 60.093 58.989 12i 54.7773 53.573 
12f 57.7858 12f 58.9961 12f 53.6028 
Ash% 8.7433087 Ash% 0.6701078 Ash% 2.5068482 
Avg. 8.5754932 Avg. 0.4892909 Avg. 2.2168467 
Korean 4th Recy Kraft 4th Rec American 4th Rec 
21i 51.115 50.066 21i 67.225 66.171 21i 60.4897 59.426 
21f 50.1289 21f 66.178 21f 59.4455 
Ash% 5.9872247 Ash% 0.6641366 Ash% 1.879346 
22i 63.893 62.754 22i 59.0184 57.922 22i 59.4935 58.403 
22f 62.821 22f 57.9261 22f 58.4254 
Ash% 5.8823529 Ash% 0.4102845 Ash% 2.027151 � 
Avg. 5.9347888 Avg. 0.5372105 Avg. 1.9532485 
%Ash %Ash %Ash 
Korean Virgin 8.575 Kraft Virgin 0.489 American Virgin 2.217 
Korean 4th Recy 5.935 Kraft 4th Rec 0.537 American 4th Rec 1.953 
J 1► hi< -.... 
Kraft BOD 
KRAFT BOD 
Recycle 1 Recycle 2 Recycle 3 Recycle #4 
Blanks# DOi DOS Blanks# DOi DOS Blanks# DOi DOS Blanks# DOi DOS 
102A 8.63 8.4 72A 10.4 8.1 102A 10.4 8.1 123A 11 7.8 
42D 8.63 8.5 319A 10.4 7.9 42D 10.4 7.9 317A 10.9 7.9 
Avg. 8.63 8.45 Avg. 10.4 8 Avg. 10.4 8 Avg. 10.95 7.85 
2% Effluent # 6% Effluent # 6% Effluent # 
10A 8.61 8.1 62A 10.1 7.5 47D 9.6 8.2 6% Effluent # 
293A 8.58 8.1 341A 10.2 6.3 98 9.6 8.3 346A 10.8 7.8 
Avg. 8.595 8.1 Avg. 10.15 6.9 Avg. 9.6 8.25 1068 10.7 7.7 
BODS 15.93 BODS 16.27 BODS -15 Avg. 10.75 7.75 
8% Effluent # 8% Effluent # BODS 1.053 
308A 10.1 6.9 398 9.5 8.2 8% Effluent # 
. 3478 10.1 7.3 67A 9.5 8.1 318A 10.7 7.6 
Avg. 10.1 7.1 Avg. 9.5 8.15 350A 10.7 7.7 
BODS 0.961 BODS -11 Avg. 10.7 7.65 
10% Effluent # 10% Effluent # BODS 2.094 v<:) 
43A 10 7 214A 9.5 8.1 1 0% Effluent # 
340C 10.1 6.1 418 9.5 8.2 259A 10.7 7.6 
Avg. 10.05 6.55 Avg. 9.5 8.15 328A 10.7 7.5 
BODS 13.53 BODS -8 Avg. 10.7 7.55 
12% Effluent # 12 % Effluent # BODS 3.763 
46A 10 5.9 62A 9.5 7.9 12% Effluent # 
598 10 6 58A 9.5 7.9 328 10.6 7.1 
Avg. 10 5.95 Avg. 9.5 7.9 42B 10.6 7.4 
BODS 16.21 BODS -4.2 Avg. 10.6 7.25 
BODS 5.256 
C 
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Appendix lB 
U.o 
A1 A2 
Blanks #2-4 DOi DOf Blanks #1 
105A 8.69 8.21 72E 
72E 8.6 8.24 358A 
Avg. 8.645 8.225 Avg. 
2% Effluent# 2% Effluent# 
319A 8.98 5.5 58A 
350A 8.93 5.19 346A 
Avg. 8.955 5.345 Avg. 
BODS 227.1 BODS 
4% Effluent# 4% Effluent# 
187B 8.94 1.4 319A 
329A 8.94 1.11 458A 
Avg. 8.94 1.255 Avg. 
BODS 214.9 BODS 
6% Effluent# 
62A 
317C 
Avg. 
BODS 
1.,hle. 3 
American BOD 
DOi DOf A3 
9 10 
9.01 9.85 
9 9.95 DOi 
2% Effluent# 
8.68 7.18 317A 8.65 
8.62 7.15 658 8.59 
8.65 7.17 Avg. 8.62 
53.7 BODS 27.9 
4% Effluent# 
8.67 6.43 355B 8.64 
8.6 6.35 38D 8.69 
8.64 6.39 Avg. 8.67 
46 BODS 25.4 
6% Effluent# 
8.62 5.47 43A 8.59 
8.6 5.5 4878 8.89 
8.61 5.49 Avg. 8.74 
45.5 BODS 32.9 
A4 
DOf 
2% Effluent# 
7.68 335A 
7.62 128A 
7.65 Avg. 
BODS 
4% Effluent# 
7.22 59B 
7.27 75A 
7.25 Avg. 
BODS 
6% Effluent# 
6.22 340C 
6.52 58A 
6.37 Avg. 
BODS 
DOi 
8.71 
8.64 
8.68 
8.92 
8.71 
8.74 
8.73 
12.2 
8.65 
8.77 
8.71 
8.58 
DOf 
8.12 
8.05 
8.09 
7.82 
7.85 
7.84 
7.74 
7.86 
7.8 
0--­
r.J 
i 
Korean1 Korean 2 
Blanks# DOi DOf 
72 E 9 10 
358A 9.01 9.85 
Avg. 9.005 9.925 DOi 
1 % Effluent# 1 % Effluent# 
21A 9.06 7.98 19A 9.1 
45E 9.05 7.99 259A 9.09 
Avg. 9.055 7.985 Avg. 9.095 
BODS 198.12 BODS 81.12 
2% Effluent# 2% Effluent# 
61A 9.09 6.25 815A 9.09 
40C 9.08 6.17 32B 9.12 
Avg. 9.085 6.21 Avg. 9.105 
BODS 188.87 BODS 75.62 
4% Effluent# 4% Effluent# 
341A 9.08 1.68 72A 9.03 
398A 9.09 2.41 470 9 
Avg. 9.085 2.045 Avg. 9.015 
BODS 198.08 BODS 75.83 
6% Effluent# 
42B 8.99 
318A 8.95 
Avg. 8.97 
BODS 75.51 
I c;hl� '-/ 
Korean BOD 
Korean 3 
DOf DOi 
2% Effluent# 
9.29 214A 8.16 
9.1 259A 8.15 
9.195 Avg. 8.155 
BODS 75.87 
4% Effluent# 
8.63 328A 8.6 
8.36 21A 8.6 
8.495 Avg. 8.6 
8005 62.96 
6% Effluent# 
7.04 398 8.61 
6.69 61A 8.6 
6.865 Avg. 8.605 
BODS 47.09 
5.28 
5.33 
5.305 
Korean 4 
DOf 
2% Effluent# 
7.56 62A 
7.52 40C 
7.54 Avg. 
BODS 
4% Effluent# 
6.96 37C 
6.97 341A 
6.965 Avg. 
BODS 
6% Effluent# 
6.64 180A 
6.65 350A 
6.645 Avg. 
BODS 
DOi 
8.67 
8.65 
8.66 
113.12 
8.63 
8.62 
8.625 
46.33 
8.62 
8.6 
8.61 
38.092 
DOf 
7.31 
7.29 
7.3 
7.66 
7.65 
7.655 
7.18 
7.2 
7.19 
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COD DATA 
Kraft Recycle# ml for blank 1 ml for blank 2 ml for 1st sample ml for 2nd sample COD 
1 7.85 7.95 8.6 8.6 149 
2 8.8 8.75 8.45 8.45 43 
3 8.8 8.75 8.4 8.55 42.4 
4 9 8.8 8.7 8.7 26.7 
American I Recycle # 
1 8.9 8.9 5 5 520 
2 3.18 3.26 2.9 3.02 65.2 
3 3.18 3.26 3.1 3.08 32.6 
4 3.18 3.26 3.06 3.16 27.6 
Korean Recycle# 
1 8.9 8.9 5.6 5.7 433.3 
2 8.9 8.9 7.3 7.5 200 
3 3.18 3.26 3.12 3.06 32.6 
4 3.18 3.26 3.16 3.14 17.5 
I 
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Actual Population Distribution versus Fiber Length for SW Kraft 
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Actual Population Distribition versus Fiber Length for American Boxboard 
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Actual Population Distribution versus Fiber Length for Korean Boxboard 
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Weighted Average Fiber Lengths versus Number of Recycles for American Boxboard, Korean Boxboard, and 
SW Kraft 
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